I. INTRODUCTION
HVDC technology is successful for long distances, high power applications or a requirement to join asynchronous AC networks. The main advantages of HVDC transmission system are fully controlled of power flow, less cables are required compared to AC transmission and transmission distance using DC not affected by cable charging currents. The converters used in MTDC are Current Source Converters [CSC] or Voltage Source Converters [VSC] .The VSC technology is superior due to the following reasons [1] : simpler interface with AC systems, compact filters are used, independent control of active and reactive power, no minimum power restrictions, no commutation failures, no polarity reversal needed to reverse the power, black start capability, generation of harmonics greatly reduced so the minimization of filters used to absorb it and it has small footprint. On the other hand, there are several disadvantages of VSC such as, the cost and the complexity of stations. The commutation process has two main types self or natural commutation and forced commutation [2] . The commutation process is initiated by the reversal of AC voltage polarity. The converters which are used in simulating the MTDC system use IGBT switches (i.e. forced commutation switches). In this paper, a typical four terminals MTDC system is fully simulated using MATLAB software and the WFS is controlled using PID and Fuzzy logic controllers. The dynamic performance of the proposed control systems are compared through simulations of the MTDC system. The GS is stable, so simple PI controller is sufficient to control the currents of the grid. This paper is organized as follows: section (II) describes the wind energy systems and the power electronics used in the MTDC system, section (III) shows the system configuration and analysis, section (IV) presents how to control the MTDC system, section (V) shows the simulation study and results based on PID and Fuzzy Logic Controllers and finally section (VI) draws the conclusion.
II. WIND ENERGY SYSTEMS AND POWER ELECTRONICS USED

A. Wind Energy Systems (WES):
There are several types of generators used in wind power generation [3] such as: Brushless DC (BLDC),permanent magnet synchronous generator (PMSG), squirrel cage induction generator or wound rotor induction generator(SCIG, WRIG),synchronous generators (SG) and doubly fed induction generator(DFIG).The DFIG generators are used for megawatts turbines. Some generators require a gear box system to match the speed difference between the turbine and generator such that the generator can deliver its rated power at the rated wind speed. This paper is used to model the MTDC system by using the DFIG. Any changes in the wind speed will change the power output and the DFIG will be capable to keep constant frequency with variable speed by the Rotor Side Control [RSC] and the Grid Side Control [GSC] [4, 5] .
FIGURE I. THE DFIG ARCHITECTURE FOR THE WIND TURBINE
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B. Power Electronics of the MTDC System:
Multilevel Converters [6, 7] has been attracted a large interest in the power industry in the recent years. Industry has started to involve in higher power equipment, which already reaches megawatt level. Conventional power electronic converters are only able to switch each individual input or output link between two possible voltage levels, especially those of the internal DC voltage link. The general structure of the multilevel converter is to generate a sinusoidal voltage from several levels of voltages which are usually obtained from capacitor voltage sources. Three different topologies have been projected for multilevel converters: Diode clamped converter; Flying capacitor converter (Capacitor Clamped); and lastly cascaded converter. The diode clamped scheme was used in the simulations. 
III. SYSTEM CONFIGURATION AND DC GRID ANALYSIS
A. System Configuration:
The system is divided into two sides as shown below in Figure III , the WFS and the GS. The point of common coupling [PCC] has a DC voltage of 45kV. B. DC Grid Analysis: Figure IV shows a simplified steady state equivalent circuit of the four-terminal MTDC system [8, 9, 10] shown in Figure III where R 1 -R 4 represents the equivalent dc resistances of the five connection cables.Vdc1-Vdc4 and Idc1-Idc4 are the respective dc voltages and currents of the four VSCs.
The system equations can be summarized as follows: 
IV. MTDC SYSTEM CONTROL To perform an optimum power management to the system a PID and Fuzzy Logic control algorithms are performed. This paper presents a model of such systems also a control strategy based on PID controller and Fuzzy Logic controller. The aim of the different strategies are to ensure system reliability and proper power sharing. The target is to keep the voltages at the wind farm terminals at a constant value and to control the currents such that (Id) related to the active power and (Iq) related to the reactive power. To keep the dc voltage at a constant values, two types of controllers were used; fuzzy logic controller and PID controller, then the two responses are compared. Because of the GS is stable, so simple PI controller is so sufficient to control the currents of the grid. Here is the fuzzy logic controller membership functions and the decision table of the membership variables. The parameters of the PID controller is tuned using Ziegler-Nichols (Second Method). Figure(VIII) shows the control system applied in the WFS. As shown in Figure IX the wind farm is simulated by a DFIG, any changes in the wind speed with the help of Maximum Power Point Tracking [MPPT] module the maximum power can be extracted from the wind. The role of the DFIG rotor side converter to keep the generator working on a fixed frequency with variable speed. Then a transformer is used to step up the voltage to a suitable range to be ready for transmission. The AC voltage resulted from the wind farm is rectified using three phase twelve pulse multi-terminal diode clamped VSC. A capacitor is installed after the rectifier to maintain the dc voltage and smooth out the voltage waveform. The VSC is a current controlled converter so, we enter a reference value of the dc voltage (Vdc_Ref) then the controller try to reach this value. The output of this controller is a reference value of the current controller (Id _ Ref). The current is transformed from (abc) reference frame to the (d-q) reference frame. Id is used for active power control and Iq is used for reactive power control. In the simulation, Iq = zero. Low pass filters are used to minimize the harmonics in the system with a cut off frequency of 750 Hz. The voltage of the common point of transmission is 45 kV. Finally to control the switching between the switches, a discrete three phase PWM generator is used with carrier frequency of 3 kHz. The sampling time for the whole system is 10µsec.
2) The grid side specifications:
The DC voltage which comes after the rectification and the controller effort of the wind side (Vdc = 45kV) is then transformed to an AC voltage by using three phase twelve pulse multi-terminal VSC (inverter). The AC voltage is then stepped down to a 22 kV using a three phase star-delta transformer. Then the power comes from the wind farm is flowing into an AC grid of 11kV. The vector control (d-q modeling) is used to provide independent control of active and reactive power of the grid side. The input of the grid side system is Id, Iq and I0 then, the controller tries to reach these commands. Iq is set to be zero (i.e. no injection of reactive power to the grid and the power factor is unity).
3) The power management scheme:
A single case study is studied during the simulations. The wind side generates 5.5MW and needs to be transferred to the grid so, enter a specific current Id corresponding to the wanted power as shown below in the calculations. A step input is applied to the wind farm (2), this change in the voltage is a way to represent the change in wind speed and the power also changed so, this is a test for a controller to respond. The results show that this change in power at the wind side is transformed to the grid side and the conclusion is that the power generated by the two wind sides are equal to the power transformed to the two grid sides. The step input tests the worst case or the most severe condition that may face the wind farm. If the controllers are responding to this change, this means that all the other operating points are valid. Figure X shows that a step input is applied to the grid 1 (Id) from 200A to 86.783A and the step time at 1.5 seconds. While Grid 2 the required Id equals to 86.783A as shown in figure  XI . Figure XII and XIII shows the phase (a) voltage and current for grid 1 and 2, it is important to notice that Va and Ia are in phase as shown in the figures, this means no reactive power is injected to the grid and the power factor is unity. Also, the Total Harmonic Distortion [THD] of the grid currents is equal to 4%.
b) For the WFS:
Table III shows a comparison between the response of Vdc (1) 2) The GS Results:
FIGURE XI. ID FOR GRID 2 (86.783A).
FIGURE XII. PHASE(A) VOLTAGE AND CURRENT OF GRID 1 FIGURE XIII. PHASE(A) VOLTAGE AND CURRENT OF GRID 2
3) The WFS results based on PID controller: 
VI. CONCLUSIONS
In this paper, an MTDC system is implemented and simulated using MATLAB/SIMULINK software, to allow a typical four-terminals VSC-HVDC system to integrate large offshore wind farms with the grid. Hence, the considered 5.5 MW wind farms are capable of sharing the power with the two grids. The wind farm voltage source converters are controlled to successfully transfer the wind power to the two grids with acceptable THD for the grids. The DC voltage control loop which is a reference point for the current control loop of the WFS, its performance was once tested using a PID controller and then using Fuzzy Logic controller to compare the performance of both. The later shows better steady state and transient performance(less Vdc steady state oscillations, less overshoot, less settling time and faster response). The proportional gain K p 0.05
